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, 2 $[1, 2]$ 3
[3, 4, 5], , 3 Hilbert
, .
2 Flat Space Real Space
, ,
, ,
Real Space $(x, y, z)\equiv r(X, Y, Z)$ Flat Space (X, $Y,$ $Z$)
. , $Z=0$ . , $rx\equiv\partial r/\partial X$ ,
$r_{Y}\equiv\partial r/\partial Y$ , ,
$tx=rx/|rx|,$ $t_{Y}=r_{Y}/|r_{Y}|$ , $t_{Z}=(rx\cross r_{Y})/|rx\cross r_{Y}|$
. , $|rx|,$ $|r_{Y}|$ Flat Space Real Space
, . $t_{X}\cdot t_{Z}=t_{Y}\cdot t_{Z}=0$
, , $t_{X}\cdot t_{Y}=0$ .
Flat Space (X, $Y,$ $Z$) Real Space $(x, y.z)$
$z$
$\Rightarrow$
Fig. 1: Flat Space Real Space
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, $s_{1},$ $s_{2}$ $t_{X},$ $t_{Y}$ .
3
3.1
(j=l) $(j=2)$ , ( ) $f_{j}$
. , $I=X,$ $Y$ , $I=Z$
$g_{jI}$ , $f_{j}$ (1) , , ,
$h_{X,Y}$ . $b_{Z}$ , $\mu j$ (2) .
$f_{j}=g_{jX}t_{X}+g_{jY}t_{Y}+g_{jZ}t_{Z}$ , $g_{jI}\equiv t_{I}\cdot f_{j}$ , (1)
$h_{X,Y}=g_{jX,jY}/\mu_{j}$ , $b_{Z}=g_{jZ}$ . (2)
(3)
$[\cdots]$ ,
, $[h_{X,Y}]=0,$ $[b_{Z}]=0$ .
t $h_{X,Y},$ $b_{Z}$ , $j$ .
3.2
$h^{0}$ ,










$h_{X,Y}=(g_{j}^{0_{X_{\dot{\theta}}Y}}+g_{jX,jY}^{1})/\mu_{j},$ $b_{Z}=g_{jZ}^{0}+g_{jZ}^{1}$ , $j=1,2$
( $\mu_{j}$ $1/\mu_{j}$ ), , $h_{X,Y}^{1},$ $b_{Z}^{1}$
$g_{jI}^{1}$ ( $j=2,1$). $h^{0}$ $h_{X,Y}^{0},$ $b_{Z}^{0}$
$[4, 6]$ .
$\{^{g_{jX,jY}^{1}=\mu_{j}h_{X,Y}^{1}\mp\tilde{b}_{X,Y}}g_{jZ}^{1}=b_{Z}^{1}\mp\mu_{j}\tilde{h}_{Z},\{\begin{array}{ll}\tilde{b}_{X,Y} =0,\tilde{h}_{Z} =-M(t_{Z}\cdot h^{0})/P, \{\end{array}$
$h_{X,Y}^{0}=t_{X,Y}\cdot h^{0}$ ,
$b_{Z}^{0}=2(t_{Z}\cdot h^{0})/P$. (4)
, $P\equiv 1/\mu_{2}+1/\mu_{1},$ $M\equiv 1/\mu_{2}-1/\mu_{1}$ . , $[h_{X,Y}]=0,$ $[b_{Z}]=0$
. (4) $g_{jI}^{1}$ $f_{j}^{1}=g_{jX}^{1}t_{X}+g_{jY}^{1}t_{Y}+g_{jZ}^{1}t_{Z}$ ,
$\{\begin{array}{l}f_{j}^{1}\cross t_{Z}=\mu_{j}(h^{1}\cross t_{Z})\mp(b^{0}\cross t_{Z})f_{j}^{1}\cdot t_{Z}=b_{Z}^{1}\mp\mu_{j}\tilde{h}_{Z}\end{array}$ $\{\begin{array}{l}h^{1}\equiv h_{X}^{1}t_{X}+h_{Y}^{1}t_{Y}b^{0}\equiv\tilde{b}_{X}t_{X}+\tilde{b}_{Y}t_{Y}\end{array}$ (5)
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4 3
3 , , 3
.
4.1 3
$\nabla\cross f=0,$ $\nabla\cdot f=0$ , $f=\nabla\phi$
$\phi$ Laplace $\Delta\phi=0$ , 3
Green , $V$ , $V$ $F$
$S$ [7].
$\int\int\int_{V}(\phi’\Delta’\psi-\psi\Delta’\phi’)dV’=\oint_{S}\{\phi’(\nabla’\psi)-\psi(\nabla’\phi’)\}\cdot dS$ . (6)
$\psi$ , $r,$ $r’$ , Poisson $\Delta’\psi=$
$\delta(r’-r)$ , , $\nabla’\psi=(r’-r)/(4\pi|r’-r|^{3})$ . “”’
$r’$ . $r$ $F$ , $F$ , $S$
$F$ ( $j=2,1$).
$(t_{Z}\pm\hat{G})\cross(f_{j}^{1}\cross t_{Z})+(t_{Z}\pm\hat{G})(f_{j}^{1}\cdot t_{Z})=0$ , (7)
$\hat{G}f(r’)\equiv 2\int\int_{F}|d\theta|(\nabla’\psi)f(r’)=\int\int_{F}|r_{X}’||r_{Y}’|dX’dY’\frac{(r’-r)}{2\pi|r’-r|^{3}}f(X’,Y’)$ . $(8)$
, $f_{j}$ $f_{j}^{1}$ (7) , ,
. , Flat Space
(X’, $Y’$) $dS=\mp|r_{X}’||r_{Y}’|dX’dY’t_{Z}’$ .
4.2 3
(5) 3 (7) ,
, $(\cross 1/\mu j)$ .
$(t_{Z}\pm\hat{G})\{\cross(-h^{1}\cross t_{Z})-b_{Z}^{1}/\mu_{j}\}=\pm(t_{Z}\pm\hat{G})\{\cross(-b^{0}\cross t_{Z})/\mu_{j}-\tilde{h}_{z\}}$ . (9)
$j=1$ . $j=2$ (9) , $t_{X,Y}$ $t_{Z}$ . , (4),(5)
$b^{0}=0$ , $h_{X,Y}^{1},$ $b_{Z}^{1}$ 3 .
$\{\begin{array}{ll}2 h_{X,Y}^{1}+M\hat{G}_{X,Y}b_{Z}^{1}=2\hat{G}_{X,Y}\tilde{h}_{Z}, \hat{G}_{I}f(X’,Y’)\equiv t_{I}\cdot\hat{G}f(X’, Y’).(P+M\hat{G}_{Z})b_{Z}^{1}=2\hat{G}_{Z}\tilde{h}_{Z}, \end{array}$ (10)
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4.3
(10) , $I=X,$ $Y,$ $Z$ , $\Delta X’\equiv X’-X$ , $\Delta Y’\equiv Y’-Y$ ,
$f(X^{j}, Y’),$ $g(X’, Y’)$ , .
$\hat{G}_{I}f(X’, Y’)=\int\int_{F}|r_{X}’||r_{Y}’|dX’dY’\frac{t_{I}\cdot(r’-r)}{2\pi|r-r|^{3}}f(X’, Y’)$
$= \frac{1}{|r_{X}||r_{Y}|}\hat{H}_{I}\{\Phi_{I}(X, Y;X’, Y’)|r_{X}’||r_{Y}’|f(X’, Y’)\}$ , (11)
$\Phi_{I}(X, Y;X’, Y’)\equiv\frac{\{|r_{X}|^{2}(\Delta X’)^{2}+|r_{Y}|^{2}(\Delta Y’)^{2}\}^{3/2}}{|r-r|^{3}}\frac{t_{I}\cdot(r’-r)}{T_{I}(\Delta X,\Delta Y)}$ , (12)
$\hat{H}_{I}g(X’, Y’)\equiv\int\int_{F}\frac{T_{I}(\Delta X’,\Delta Y’)|r_{X}||r_{Y}|dX’dY’}{2\pi\{|r_{X}|^{2}(\triangle X)^{2}+|r_{Y}|^{2}(\Delta Y)^{2}\}^{3/2}}g(X’, Y’)$. (13)
$T_{I}(\Delta X’, \Delta Y’)$ , $X’arrow X,$ $Y’\sim Y$ , .
$t_{I}\cdot(r’-r)$ , (Fig. 2 ).
Fig. 2: $t_{J}\cdot(r’-r)$ $T_{I}(\Delta X’, \Delta Y’)$ .
$\{\begin{array}{ll}T_{X}(\Delta X’, \Delta Y’)=|r_{X}|\Delta X’, T_{Y}(\Delta X’, \Delta Y’)=|r_{Y}|\Delta Y’-,T_{Z}(\Delta X’, \Delta Y’)=\{\overline{L}(\Delta X’)^{2}+ \tilde{M}(\Delta X’)(\Delta Y’)+N(\Delta Y’)^{2}\}/2.\end{array}$ (14)
$\tilde{L}\equiv t_{Z}\cdot r_{XX},\tilde{M}\equiv t_{Z}\cdot r_{XY},\tilde{N}\equiv t_{Z}\cdot r_{YY}(r_{XY}\equiv\partial^{2}r/\partial X\partial Y$ $)$ ,
$H$ .
$2H=\kappa_{1}+\kappa_{2}=(|r_{Y}|^{2}\tilde{L}+|r_{X}|^{2}\tilde{N})/(|r_{X}||r_{Y}|)^{2}$ . (15)
(12) $\Phi_{I}(X, Y;X’, Y’)$ , $t_{I}\cdot(r’-r)arrow T_{I}(\Delta X’, \Delta Y’)$
1 \langle . (13) $\hat{H}_{I}$ , 2 Hilbert









$\cos(kxX-k_{Y}Y)$ , cos $k_{X}X$ sin $k_{Y}Y$ $f_{i}(X, Y)$ ,
(17) $[5, 6]$ .
$(\partial/\partial X)^{2m}(\partial/\partial Y)^{2n}f_{i}(X, Y)=(-1)^{m+n}(k_{X})^{2m}(k_{Y})^{2n}f_{i}(X, Y)$ , (16)
$\hat{H}_{MN}\equiv\int_{-\infty}^{\infty}dX’\int_{-\infty}^{\infty}dY’\frac{|r_{X}||r_{Y}|(|r_{X}|\Delta X’)^{M}(|r_{Y}|\Delta Y’)^{N}}{2\pi\{|r_{X}|^{2}(\Delta X)^{2}+|r_{Y}|^{2}(\Delta Y’)^{2}\}^{3/2}}$. (17)
,
$\hat{H}xf_{i}(X’, Y’)=\hat{H}_{10}f_{i}(X’, Y^{j})=f_{i,X}(X, Y)/(k|rx|)$ , (18)
$\hat{H}_{Y}f_{i}(X’, Y’)=\hat{H}_{01}f_{i}(X’, Y’)=f_{i,Y}(X, Y)/(k|r_{Y}|)$ , (19)
$\hat{H}_{Z}f_{i}(X’, Y’)=\frac{1}{2}\{\frac{\tilde{L}}{|r_{X}|^{2}}\hat{H}_{20}+\frac{2\tilde{M}}{|r_{X}||r_{Y}|}\hat{H}_{11}+\frac{\overline{N}}{|r_{Y}|^{2}}\hat{H}_{02}\}f_{i}(X’, Y’)$
$=- \frac{\tilde{L}f_{i,YY}(X,Y)+4\tilde{M}f_{i,XY}(X,Y)+\tilde{N}f_{i,XX}(X,Y)}{2k^{3}|r_{X}|^{2}|r_{Y}|^{2}}$ . (20)
, $k^{2}\equiv(kx/|rx|)^{2}+(k_{Y}/|r_{Y}|)^{2}$ , $f_{i},x\equiv\partial f_{i}/\partial X,$ $f_{i,Y}\equiv\partial f_{i}/\partial Y$ ,
$f_{i,XY}\equiv\partial^{2}f_{i}/\partial X\partial Y$ .
5.2 3
3 (10) ,
. , Flat Space
$(h_{X}^{1}h_{Y}^{1}b_{Z}^{1})^{t}= \sum_{n=0}^{N}$ ( $a_{n}$ cos $k_{n}\cdot R+b_{n}$ sin $k_{n}\cdot R$) (21)
. , $R=(X, Y)$ Flat Space , $k_{n}=(k_{n}x, k_{nY})$
. , (10) $a_{n},$ $b_{n}$
.
, (11) $\hat{G}_{I}$
. , (21) cos $k_{n}\cdot R$ , sin $k_{n}\cdot R$ $(11)$ $f(X, Y)$ ,
$\Phi_{I}(X,Y;X’,Y’)|r_{X}’||r_{Y}’|f(X’,Y’)=\sum_{i=0}^{\infty}a_{i}(X,Y)f_{i}(X’,Y’)$ (22)
35
,$\hat{G}_{I}f(X’, Y’)=\frac{1}{|r_{X}||r_{Y}|}\sum_{i=0}^{\infty}a_{i}(X, Y)\{\hat{H}_{I}f_{i}(X’, Y’)\}$
(18) $(20)$ , $\hat{G}_{I}$ .
(23)
5.3 3
$r’-r=r(X’,Y’)-r(X, Y)$ $(X, Y)$ $\Delta X’,$ $\Delta Y’$
Taylor . , $r’-r\simeq rx\Delta X’+r_{Y}\triangle Y’$
$\Delta X’,$ $\Delta Y’$ 2 $\hat{G}_{Z}\simeq O$ .
3 (10) , $b_{Z}^{1}\simeq 0,$ $h_{X,Y}^{1}\simeq\hat{G}_{X,Y}\tilde{h}_{Z}$ ,
,
. , (11),(4) ,







Flat Space $a_{n},$ $b_{n}$ , ,




, $($ 0.1 $m)^{2}$ , 0.01 $m$
0.05 $m$ , 100 $A/m$ , $\mu_{1,2}/\mu_{0}=1.40,1.00$ (
, $\mu_{0}=4\pi\cross 10^{-7}H/m$ ) . ,
$1681=41\cross 41$ ,
$162=9\cross 9\cross 2$ .
Fig. 4 , ( $\hat{G}_{Z}=0,5.3$ ) , 3
(10) . $h_{X}^{1}$ , $\hat{G}_{Z}=0,\hat{G}z\neq 0$
, $k_{M}$ , $k_{M}+2k_{F}$ . $h_{Y}^{1},$ $b_{Z}^{1}$ $k_{M}+mk_{F}$
$(m=1,3,5, \cdots)$ , $\hat{G}z\neq 0$ $h_{X}^{1}$ , $\hat{G}z=0$
$0$ . 0.01 $m$ 0.05 $m$
, $k_{M}+mk_{F}(m=1,2,3, \cdots)$ ,
. , , Fig. 3
$|rx||r_{Y}|$ .
, $\tau_{0}$ ,
$T_{B\prime}$ $T_{A}$ . $T_{A}$ , $\tau_{0}$ $T_{B}$
,

















, 2 , Bernoulli
, – $[2, 8]$ .
$\frac{1}{g}\frac{\partial V_{X}}{\partial t}=F_{G}(X)+F_{C}(X)+F_{M}(X)+F_{D}(X)$, (25)
$\frac{\partial\theta}{\partial t}=(e^{2\tau}U_{X})\frac{\partial\theta}{\partial X}-(e^{2\tau}V_{Y})\frac{\partial\tau}{\partial X}+\frac{\partial}{\partial X}(e^{2\tau}V_{Y})$ . (26)
. $X$ , $\theta$ $\tau$ $\theta$ , $F_{G}(X)$ ,
$F_{C}(X),$ $F_{M}(X),$ $F_{D}(X)$ . , $(V_{X}, V_{Y})$ ,
$(U_{X}, U_{Y})$ Flat Space .







$B_{0}$ $B_{c}$ , (Bo<Bc)
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